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Introduction
The excitatory amino acid L-glutamate is considered to act as a neurotransmitter in the central nervous system. Receptors for L-glutamate have been classified into three subtypes, termed the N-methyl-D-aspartate (NMDA), quisqualate, and kainatc types, on the basis of their activation by these selective agonists. Among these types, it is believed that the NMDA subtype is particularly important in learning and memory (3, 13, 20) and in neuron cell death due to Alzheimer's disease (16) , cerebral ischemia/hypoglycemia (23,24), and seizures (6, 18) . In normal aging as well as in Alzheimer's disease, impairments of learning and memory are noted and the same qualitative types of histological and neurochemical changes have been observed (10). Our research is focused on elucidation of a role for the NMDA receptor complex in normal brain aging as an example of the neurodegenerative process.
At the molecular level, the NMDA receptor complex has been demonstrated to possess an L-glutamate recognition site, a strych-' Supported in part by a Grant-in-Aid for Science Research from the Ministry of Education, Science and Culture, Japan.
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[3H]-glycine binding sites were severely decreased in the telencephalic regions, including the hippocampus and cerebral cortex, in aged brain. sites =re well preserved in these brain =CIS. In the midnine-insensitive glycine modulatory site, and a voltage-dependent cation channel. In the present study, age-related changes of an L-glutamate recognition site and a glycine site were investigated in rat brain with the use of [3H]-3-(( +)-2-carboxypiperazin-4-yl)propyl-1-phosphonic acid (CPP) and [3H]-glycine, respectively.
Materials and Methods
Fixher 344 strain male rats (Charles River; Tokyo, Japan) were used in these experiments. Before the autoradiographic procedures, initial binding experiments were performed on coronal sections of young adult rats (2 months old) containing the hippocampus. to ensure that specific binding sites for the radioactive ligands were obtained. After decapitation, the brains were rapidly removed and embedded in OCT compound. Serial cryostat sections 10 pm thick were prepared. -glycine. After incubation, sections were washed three times in ice-cold buffer for 10 sec. The labeled sections were wiped from the slides with filter paper, and bound radioactivity was measured by liquid scintillation spectrophotometry. Rats at ages 2, 5 , 13, and 21 months were used. Four animals were used for each age group and 6-20 cryostat sections were preparcd for each sepa- rate region. Serial sections were alternatively labeled with [ )H]-CPP and ['HI-glycine. The radioactive ligands were used at a concentration of 80 nM. After labeling, the slides were rapidly air-dried and apposed to a sheet of 3H-xnsitive f h (Amershun; Pwle, UK). To quantify the receptor den. sity, autoradiographic JH-microxales provided by Amenham were COexposed as standards. Autoradiographs were exposed at 4% for 8 (Figures 2A-2C) , the highest density of [ 3H]-CPP binding sites was observed in the CA1 region of the hippocampus, especially in the stratum radiatum and stratum oriens. The adjacent stratum pyramidale had a relatively low concentration of binding. In the dentate gyrus, the molecular layer had a greater density than the granular layer. The cerebral cortex exhibited both regional and laminar variations in [3H]-CPP binding sites. Densities of the superficial layers were higher than those of the deeper layers. Within the basal forebrain, moderate levels of [3H]-CPP binding sites were found in the caudate-putamen, lateral septal nucleus, and olfactory tubercle. In the amygdala, the lateral and basal nuclei were rich in ['HI-CPP binding sites, whereas the cortical and medial amygdaloid regions had low concentrations. The thalamus contained moderate levels of binding sites, with the lateral, dorsomedial, ventral, and midline nuclei having higher levels than other nuclei. Geniculate regions also had moderate levels of binding. Contrary to the findings in thalamus, binding levels in hypothalamic regions were generally low. Midbrain regions showcd low levcls of binding; among these regions, the superficial gray layer of the superior colliculus and the central gray matter, substantia nigra, and interpeduncular nucleus had slightly higher Icvels. In the cerebellar cortex, the granule cell layer was richer in binding level than the molecular layer. There were no apparent [3H]-CPP binding sites in the lower brainstem.
Results
Distributions of [3H]-CPP binding sites in the aged rat brain (21 months old) are shown in Figures 2D-2F . In the striatum and nucleus accumbens, [3H]-CPP binding sites declined in an agedependent manner. In addition, a tendency for decreased binding sites was noted in the frontal cortex.
[ 3H]-CPP binding sites in the hippocampus, where the highest brain densities were observed, remained constant until the age of 21 months. In other brain regions, such as the amygdala, thalamus, hypothalamus, midbrain, and cerebellum, [3H]-CPP binding sites did not change significantly in aged animals. The results of quantitative analysis of [3H]-CPP binding sites are shown in Table 1 .
The distribution pattern of [3H]-glycine binding sites was similar to that of [3H]-CPP binding sites throughout the brain in young adult rats ( Figures 3A-3C ). However, in the cerebral cortex, an apparent laminar distribution which was noted for [3H]-CPP binding sites was not observed, although a regional variation existed. Figures 3D-3F show autoradiographs of [ 3H]-glycine binding sites in the brain of aged rats (21 months old); a summary of quantitatively analyzed age-related changes is shown in Table 2 . In telencephalic regions, [ 3H]-glycine binding sites were severely reduced in the aged rat brain. They were decreased by approximately 50% in 2bmonth-old animals, although the aging pattern of binding sites varied with the brain region. On the other hand, in midbrain regions, such as the superior colliculus, central gray matter, geniculate bodies, substantia nigra, and interpeduncular nucleus, decreases of [3H]-glycine binding sites in parallel with age remained less than those in the telencephalon. [3H]-glycine binding sites in both the granule cell and the molecular layers of the cerebellum were not significantly changed.
Discussion
The present study revealed autoradiographic localizations of an Lglutamate recognition site and a glycine modulatory site in the rat brain, with the use of [)H]-CPP and [ 3H]-glycine, respectively. CPP is a more potent and selective antagonist than previously reported compounds such as AP5 and AP7 (8,21). This drug acts as a competitive antagonist to an agonist binding site. For glycine receptors, [3H]-glycine has been reported to label strychnineinsensitive glycine receptors within the NMDA receptor complex (2). The distribution patterns obtained in our studies were similar to those previously described (2J7. 19 ). On the basis of electrophysiological and pharmacological studies, it has been proposed that the hippocampus (4,7) and various cerebnl cortical regions (5J4.25) use NMDA rcceptorsfor synaptic transmission. In addition, NMDA receptors have been considered to be involved in pathophysiology in the central nervous system, i.e.. it has been proposed that in seizure disorders (6.18), brain ischemialhypoglyccmia (23,24), and Alzheimer's disease (16), abnormal sustained increases of intracellulv Caz+ concentration through NMDA receptors lead to neuron cell death (1) Cerebral conex Frontal cortex 98.9 f 9.0 
